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WINTER FOOD CONSUMPTION AND DIGESTIBILITY IN CAGED MOUNTAIN 
HARES 


AKE PEHRSON, Grimso Wildlife Research Station, 770 31 Riddarhyttan, Sweden 
and Department of Animal Physiology, Swedish University of 
Agricultural Sciences, S-750 07 Uppsala 7, Sweden. 


Abstract: Consumption and dry matter digestibility of winter browse by 
caged mountain hares (Lepus timidus L.) were studied. Digestibility 
differed between and within food species, but was not affected by different 
levels of consumption. Hares digest approximately 25 g of dry matter per 
kg to maintain body weight. No correlations were found between consumption 
and content of special nutrients in the food, but decreasing diameter of 
fed twigs was correlated with increasing digestibility; the medium calibre 
twigs provided the greatest amount of digested material. Consumption 
increased and body weight was maintained when birch (BetuZa sp.) and willow 


(Saliz sop) were given to the hares as a mixture, and when rowan (Sorbus L toa 


aucuparta), heather (Calluna vulgaris) and raspberry (Rubus idaeye) were 
given together. Food species selection appears to be influencedLby factors 
other than digestibility and nutrient content. Toxic constituents or other 


sens unfavourable to the hares may be limiting the intake of some 
plants. 


The food species utilized by mountain hares during winter are well known. 
In Scandinavia and Finland birch, willow, rowan, raspberry and juniper 
(Juniperus communis) are among the dominant species (Lindlof et al. 1974, 
Lund 1959, Nyholm 1968, Pulliainen 1972). During winters with little 

snow, blueberry (Vaccinium myrttllus) and heather are of considerable 
importance. Normally hares utilize a mixed diet, but some populations have 
been reported to maintain themselves on mainly 1 species, at least for a 
period. Heather is such a species which makes up 70-90% of the diet of 
Scottish hares (Flux 1970, Hewson 1962). The winter food of the mountain 
hare consists mainly of twigs and similar material with a low digestibility 
even in ruminants (cf. Stahlin 1957). This would necessitate a food intake 
very large in comparison with the size of the animal, giving digestibility 
and food consumption an important role in the life of the mountain hare in 
winter. The aim of this work was to study food consumption of hares when 
fed their natural winter food and to determine their ability to digest it. 
Special consideration was given to the feeding of single plant species, 
mixed rations and different twig diameter fractions. The study was supported 
by grants from the Swedish Natural Science Research Council. 


MATERIALS AND METHODS 


The investigation was carried out during the winters of 1972-1978, mainly 

at Grimsoé Wildlife Research Station in Central Sweden. The animals (with 
some exceptions) were raised at the station. Most of the hares weighed 
between 3.3 and 3.8 kg and ranged from 1 to 6 years of age. The animals 
were kept outdoors in individual cages, 100x90x80 cm. The inside of the 
cages was completely covered with hardware cloth, and the bottom consisted of 
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either a 15 or 20 mm steel wire mesh, which let the fecal pellets through. 
The back side of each cage was covered with masonite. The cages were 
placed at a hetght of 1] m above the ground and were protected from rain 
and snow. Funnels for separation and collection of urine and feces were 
put under the cages during the experiments. 


Food in the periods between experiments consisted of twigs of birch and 
willow corresponding to more than half the daily need of digested dry 
matter. The hares were also given some hay (Phlewn pratense, Trifoliwn 
hybridum and Loliwn multiflorun), and a small amount of commercial cattle 
pellets or pieces of aspen trunks (Populus tremiza) which the hares could 
gnaw. Both between and during the experiments the hares had free access 
to water. All experiments were done within a temperature range of +7°C 
to -80C. No information is available on the critical temperature for 
mountain hares but data from arctic mammals (Scholander et al. 1950) make 


it probable that the temperature could have had only a minor influence on 
the metabolism of the hares. 


Three types of experiments were run. In 1 type many food species were 
examined singly, in a second the influence of the diameter of the twigs 
was studied and in a third the influence on food consumption of mixing 


2 or more food species. Together more than 50 different experiments 
were carried out. 


Experimental Routines 


Normally all plant material was collected from bushes below 1 m in height. 
Very often tall thin birches become available to hares when bent down by 
heavy snow. Therefore twigs from such trees were also tested in parallel 

with twigs from larger bushes of willow. The food during the experiments 

with mixed rations and different diameter fractions consisted entirely 

of twigs from large birches and willows. 


The plant material for an experiment was taken from habitats as similar as 
possible. The diameter of the thickest twigs included was determined by 
experience from earlier studies on free-living hares and from experience 
during the experiments. The entire material was cut into small pieces 
with a length of approximately 3 cm. After careful mixing, the material 
was weighed into daily rations, put into plastic bags and stored frozen 


until the experiment started. The hares were given about 1000 g of twigs 
each day. 


In each experiment 2-4 animals were utilized. After a preliminary period 
during which the hares became accustomed to the food, the experiment was 
run for 3-6 days. The consumption and the production of feces and urine 
were measured daily during the hour before sunset. Samples of food, feces 
and urine were dried immediately at +85°C to constant weight. Urine was 
stored frozen, while food and feces were put into plastic bags until the 
chemical analyses could be performed. With the exception of the 10 first 


experiments, the hares were weighed immediately before and after each 
experiment. 
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Chemical Analyses 


Analyses were done at the Swedish Agricultural College at Uppsala and at the 
Grims6 Wildlife Research Station. Calcium, potassium, magnesium and 

sodium were determined with an atomic absorption spectrophotometer. 

Nitrogen was analysed by the micro method of Strauch (1965) or as ammonia 
with an automatic analyser using indophenol as a reagent. Phosphorus 

was determined with an automatic analyser using ammonium molybdate and 
ascorbic acid. Fibre was analysed according to Van Soest (1963). In 


order to determine the ash content the material was burned for 2.5 hours 
at +5500C, 


RESULTS 
Dry Matter Digestibility 


The effects on the digestibility of different levels of consumption are 
given in Table 1. The abitity to digest food was the same whether the 
hares were sufficiently fed, or put on a restricted ration. The regression 
of fecal matter on consumed food, y = 0.67 x +0.23 (r = 0.99), shows a 

very close relationship between consumption and the amount of feces 
excreted; true and apparent digestibility are almost identical. Thus 

the digestibility coefficients determined in the experiments with different 


species and twig diameters are strictly comparable despite large differences 
in the intake. 


Table 1. The effect of different levels cf consumption on digestibility 
in caged mountain hares. 


Daily food rationsa Consump-b Digested Digest- Weight 
tion material ibility% change 
Saltz caprea Stiae 
Full ration 69.3 22.7 32.8 20.7 
Betula pubescens 172.5 
Salix caprea 345.0 
2/3 ration 48.9 15.4 = - 5.5 
Betula pubescens 115.0 
Salix caprea 172.5 
1/3 ration 25.5 8.2 32.2 439 


Betula pubescens 57.5 


@ The size of the ration was such that the hares just maintained weights. 
From Betula pubescens the fraction 0-1.5 mm was excluded. Figures are 
given as g wet weight. 

Db g dry matter/kg body wt/day. 


© g/kg body wt/day. 
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Table 2. Consumption, digestibility and weight changes in caged mountain 
hares fed single food species or different mixed rations. 


Food Collec- Consump-? Digested? Digesti- Weight 
tion no. tion material bility % change 
Saltz caprea, trees, bushes 36 52.7 19.4 36.8 -16.1 
° ‘ " 37 57.7 19.7 34.1 - 4.0 
. ‘. at ‘ 46 85.2 31.8 37.3 + 6.0 
Salix caprea, root-suckers 3 22.1 
. ‘ . ‘ 30 22.9 7.6 33.3 “11.4 
5 ‘ % . 38 41.2 11.6 28.2 - $.2 
Betula pubescens, trees 47 56.5 19.6 34.7 0.0 
< - » low bushes 5 25.0 
Corylus avellana, root-suck. 8 18.0 
Sorbus aucuparia 48 19.4 6.0 30.9 -17.9 
Saltz cinerea 21 55.2 13.8 25.0 -13.4 
Calluna vulgaris 40 31.6 10.2 32-3 -14.6 
Rubus tdaeus 39 aTeF 9.0 23.9 - 7.2 
Vaccinium myrtillus 29 36.1 14.8 41.0 - 7.0 
Salix caprea 50% 51.3 
Betula pubescens 50% A 26.8 2aea 31.2 0.0 
Salix caprea 25% 28.9 
Betula pubescens 75% ie 47.4 ~ es a 
Salix caprea 75% 52.4 
Betula pubescens 25% ae 26.7 23.1 29.2 23-8 
Saltz cinerea 25% 16.4 
Rubus tdaeus 25% 23.2 
Sorbus aucuparia 25% 50 5.9 V8 sete aR 
Catluna vulgaris 25% 8.0 


. g dry matter/kg body wt/day. 
b g/kg body wt/day. 
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The experiments with twigs of mixed diameters show that the digestibility 
of different food species varied from 18 to 41 % (Table 2). 

Blueberry showed the highest figures; some collections of twigs from older 
willows had digestibility coefficients between 35 and 40%. The 

lowest figure was noted for root-suckers of hazel with a digestibility of 
only 18%. Root-suckers of willow and the first years growth of raspberry 
showed digestibility figures below 252. 


There was considerable variability in digestibility between different 
samples of the same species. For this reason each collection must be 
studied separately. Keeping this in mind it is clear from Table 3 that 
decreasing diameter of the twigs is correlated with increasing digestibility. 
This is true for the 2 species examined (birch and willow) but it appears 
that the same relation is probably true for most species. 


Table 3. . Consumption, digestibility and weight changes in caged mountain 
hares fed twigs of different diameters of birch and willow. 


Food Diameter Collec- Consump-@ Digested@ Digest- Weight 
(mm) tion no. tion material ibility% change 

Betula pubescens 0-1.5 34 58.9 20.0 33.9 -22.9 
1.5-3 34 84.9 22.8 26.9 0.0 

3 -5 34 80.8 18.7 23.1 - 9.4 

0 -1.5 52 49.8 19.9 39.9 -14.1 

1.5-3 52 87.3 27.4 31.4 0.0 

Salix caprea 0 -3 33 ae | 20.6 39.4 - 1.5 
3 -5 33 72.6 24.5 S307 0.0 

5 -10 33 58.7 17.8 30.3 - 6.8 

0 -2 51 55...) 24.5 44.4 + 2.2 

3 -5 5] 7155 29.7 38.3 + 5.9 


4g dry matter/kg body wt/day. 
b g/kg body wt/day. 


Dry Matter Consumption and its Influence on the Weight of the Hares 
Different species ‘ 


In general consumption was not sufficient to maintain the weight of the 
hares when they were fed mixed diameters of a single food species (Table 
2). During 1 experiment with twigs from mature willows or birches the 
oes consumed eee to maintain their weight. In the experiment with 
willow the consumption averaged 85 g of dry matter/ka body weight/da 

(g dm/kg/day) which allowed a weight increase of as much as 6 : J 
g/kg/day. Rowan was least utilized of all species with a consumption of 
only 20 g dm/ko/day. The hares consumed 30-40 g dm/kg/day when offered 
either blueberry, raspberry or heather. The same amount was eaten of 


root-suckers of willow; this is about half the consumption of twigs from 
old bushes. 
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Mixed species 


The results from experiments when different food species were given 
together are given in Table 2. In all experiments where birch and willow 
were mixed in different proportions, consumption was sufficient for the 
hares to maintain their weight, although the total quantity of food 
offered was the same as in experiments with single food species. With 


mixed rations hares consumed 75-80 g dm/kg/day which provided around 24 
g dm/kg/day of digested material. 


One experiment was performed where 4 of the low-consumed species were 
mixed. The figures given in Table 2 are mean values for the 4 days of 
the experiment. The consumption was low which caused a moderate weight 
loss. However, the consumption increased during the experiment from 
41 g dm/kg on the first day to 64 g dm/kg/day on the fourth day. This 


means that the weight loss was probably limited to the first part of the 
experiment . 


Different diameters 


When hares were fed medium sized twigs of birch, 1.5-3.0 om diameter, 

they consumed around 85 g dm/kg/day, which was just enough to keep their 
weight constant (Table 3). On the other hand, the hares usually consumed 
only 50-55 g dm/kg of the finest twigs; despite their higher digestibility 
this amount provided too little digested material, and the hares lost 
weight rapidly. The thinnest willow fraction did not cause such weight 
losses when given to the hares, as did fine birch twigs. In some experiments 
the hares could even increase their weight slightly when eating 50-55 g 
dm/kg/day of the finest willow fraction. Still, in all experiments, the 
hares did better when fed the medium sized willow twigs. Of this fraction, 
3-5 mn diameter, they consumed 70-80 g dm/kg/day. 


The amounts of the thickest twigs consumed were intermediate to the other 
fractions. This was true for both birch and willow. Due to the Tow 

digestibility of these thick twigs the hares could not get enough digested 
materiat and consequently lost weight. From willow twigs with a diameter 
more than.° wm they just gnawed the bark and left the woody parts uneaten. 


Amount of Digested Dry Matter 


The amount of digested dry matter is determined by the digestibility of 
the food and the amount consumed. Fig. 1 shows the amounts of digested 
material plotted against the weight changes of the hares. There is a 
Significant correlation between these 2 parameters (r = 0.65; P < 0.001}. 
From the figure it appears that 25 g dm/kg/day ought to be a good estimate 
of the average need for a caged mountain hare to maintain weight. Most of 
the points farthest below the straight line are from experiments with the 
thinnest birch twig fraction. Clearly in those experiments weight loss 
was greater than what corresponded with the consumption of digested dry 


matter. This could indicate that the energy valueg of digested birch dry 
matter was lower than that of other food species. 


That this is not true is evident from analyses of the energy content in 
food, feces and urine. The intake of digested energy was about as high 
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or higher on the birch diet than on willow. Indeed in these experiments 
the finest birch twigs gave the highest intake of digested energy, but 
also the highest weight loss. The energy content of the urine was 
slightly higher on the birch diet, but any difference was so small that 
the intake of metabolizabie energy gave the same picture as the digested 
energy. The high weight loss could be due either to a higher rate of 
heat formation leading to loss of body substance and associated water 
Toss, or to an extra water loss. This extra water could come from the 
contents of the digestive tract or from extracellular water. That the 
last-mentioned possibility accounts for some part of the weight loss is 
indicated by a negative sodium balance in the periods on fine birch twigs. 


¥=0.86x ~ 2166 
R= 065 
N=144 


WEIGHT CHANGE (g/kg/doy) 


5 10 5 20 2530s 85 
DIGESTED DRY MATTER (g dm/kg/day) 


Figure 1. Relationship between digested dry matter and weight change of 
hares used in the experiments. Encircled points represent 
tests with the thinnest birch twigs. 


Nutrient Content 


The analytical results of the food given to the hares are shown in Table 
4. In general the apical parts of the twigs are high in nitrogen, P, K 
and Mg and low in fibre. Root suckers are noticeably high in fibre. 


Otherwise the rather considerable similarity between species and large 
variation within species are obvious. 
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A statistical analysis showed no correlation between consumption and 
the concentration of each nutrient. 


DISCUSSION 


The main purpose of this investigation was to determine the digestibility 
of the food normally available to the mountain hare during the winter and 
to measure the amount consumed by the hares when offered it. Most of the 
plant species eaten by hares under winter conditions in Sweden were 
examined. Other abundantly available species are either rarely eaten 


(e.g. Prunus, Alnus) or are similar to examined species (e.g. Populus 
tremula). 


The investigation shows that the food mountain hares have to deal with 
during the winter season is of very low digestibility. Hardly any food 
species have digestibility coefficients higher than 40%. This means that 
hares have to eat considerable amounts in order to assure a sufficient 
energy intake. A hare weighing 3.5 kg has to consume at least 500 g of 
fresh twigs in order to cover the calculated need for 25 gi dm/kg/day when 
a digestibility of 35% and a water content of 50% are assumed. The 
figures are in agreement with estimates by an indirect method applied to 
free-living mountain hares (Sperber 1974). 


When the whole material was analyzed statistically no relations 

were found between consumption of food or digestible dry matter and any 

of the measured parameters (digestibility and concentration of various 
components). This does of course not show that there are no such relations. 
It appears probable however, that such relations are curvilinear and 


especially that consumption by the hares is strictly limited by various 
conditions. 


The most obvious (but least interesting) of such limitations, that the 
hares do not eat much more than they need, is not suggested by the data; 
the low digestibility of all the experimental diets made it difficult for 
the hares to eat much more than the maintenance requirement. More 
interesting is the evidence that the hares ate much less than the 
maintenance requirement on many of the diets offered. The maintenance need 
in caged hares was covered only on feeds with a digestibility of about 

30 % or more. The reason for this is probably that the amounts needed of 
food with a tower digestibility are too large for efficient 

processing in the digestive organs. This limitation is probably applicable 
also to free-living hares, and would appear to necessitate food selection 
for digestibility. As twig digestibility is inversely related to diameter, 
this will limit the thickness of the twigs eaten. As digestibility at the 
same diameter is different between species, this limitation should appear 
at different diameters in different food species. Barikmo (1976) found 

the limit of acceptability to be 2.6-2.8 mm diameter in birch twigs both 

in feeding experiments and natural observations. This agrees with natural 
observations in Sweden where it was also observed that Salix twigs were 
eaten up to a large diameter (Sperber, personal communication), in good 
agreement with the higher digestibility found in the experiments. 


Observations on food selection in moose (Sperber 1975) suggest a similar 
situation. The moose appeared to avoid twigs with a wood:bark ratio higher 
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than 1.0, which gives lower diameters for consumed birch and hazel twigs 
than for species with a thicker bark. As the bark undoubtedly has a 


higher digestibility, this suggests a food selection influenced by 
digestibility. 


Other authors have suggested a connection between digestibility, food 

selection and consumption (Anan et al. 1973, Drozdz and Osiecki 1973). 

The low digestibility of root suckers agrees with the finding of Klein 

(1977) that snowshoe hares (Lepus americanus) in Alaska avoid root-suckers, and 
his suggestion that this is due to low digestibility of this type of food. 

It is however obvious that in many cases the hares did not eat nearly 

enough to maintain their weight though the experimental food had a 

reasonably high digestibility. This is the case in most experiments 

with fine birch twigs and al] tests with rowan and heather. 


One reason for the low consumption could be the occurrence of antiherbivore 
substances in the twigs. The presence of such substances has been widely 
discussed (e.g. by Longhurst et al. 1968, Cooper-Driver and Swain 1976, 
Klein 1977). These substances are mostly localized in the bark. As the 
most nutritious parts, the outermost tips of the twigs ought to be the 

most vulnerable to herbivore browsing. Therefore, coevolution between 
plants and browsers might have resulted in the presence of the highest 
concentrations of antiherbivore substances in the apical parts of the twigs. 


The presence of noxious substances in the food might also explain the 
usually relatively poor result when the test animals were fed 1 food 
species at a time, though the hares increased the food consumption when 


given 2 Or more species together. Wild hares usually use a composite 
diet as found by Pulliainen (1972) in Finland. 


Plants contain many different substances which are deleterious to mammals. 

Different groups of such substances have different mechanisms through 

which their toxicity acts (e.g. tannins, phenols, cyanogenic systems, 

substances increasing urinary sodium loss). Different, types of toxic i at least 
agents are also detoxicated or excreted by the animals) by different aati 
mechanisms. It is also important in this connection to note that the P J 
noxious effects are usually not linearly related to rate of ingestion; 

noticeable toxic effects are not apparent unless the rate of ingestion 

exceeds some limit. When this is true it is possible for the animal to 

eat more food containing such substances without unfavourable effects if 

it eats smaller amounts of several species than when it eats only'a single 

species. Clearly such a strategy of eating mixed food will be advantageous 

provided several species are available, which contain at least to some 

extent different types of toxic constituents. 


With regard to food selection in free-living hares the results of this 
investigation suggest that the primary selection is between food species, 
including the choice of a suitable mixture. The wide range of composition, 
digestibility and acceptability within each species may make it important 
for the hares to select rather strictly within each food species. A 


sufficiently stringent selection may be possible only when preferred food 
species are abundant. 
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